Photoaging is an accelerating aging process of the skin due to prolonged exposure to UV from the Sun or other sources. Herbal extracts, natural compounds, and bioactive polypeptides have widely used in cosmetic agents for protection of the skin against photoaging. This mini review briefly summarizes topical use of selected most common medicinal herbs, naturopathic chemicals, and bioactive peptides examined for skin protection.
Introduction
Cumulative cutaneous exposure to solar or artificial ultraviolet (UV) radiation results in premature aging changes of the skin, i.e., photoaging, which is directly superimposed on the aging changes of the skin beyond the chronological intrinsic senescence, and accounts for the majority of age-related skin problems [1] .
Besides pathophysiological impacts on the skin health, skin aging directly deteriorates the appearance and affects people's behavior and interpersonal interactions. Everyone perhaps is keen to have a youthful-looking skin. Since the chrono-aging process is inevitable, to protect the skin cosmetically from photoaging lesions is critical to slow down the overall aging process. There are numerous cosmetic and dermatological products on the market or on the way being developed. These products may be formulated with biochemicals (such as peptides and growth factors), phytochemicals, traditional herbal extracts, and other ma- Figure 1 . Schematic summary of skin damage induced by solar radiation. Ultraviolet (UV) is a part of the solar radiation with a wavelength from 100 nm to 400 nm and makes up an estimated 10% of the total light output of the Sun. It is further divided into UVA (315 -400 nm), UVB (280 -315 nm), and UVC (100 -280 nm). The atmosphere blocks all UVC and about 90% of UVB. When the rest of UVB and UVA light hits our skin, it can penetrate the epidermis and dermis layers inducing biomolecule damage and subsequent photoaging changes.
Elevation of ROS levels in the skin following photooxidative stress drives production of lipofuscin, a mixed end-product of intracellular lipid peroxidation and oxidized proteins, which is also called as "ceroid" or "age pigment", once it becomes visible in the skin in old people with the naked eye [12] . Protein oxidation leads to abnormal protein degradation due to failure of the ubiquitin-proteasomal as well as the lysosomal-endosomal systems [13] [14] . As a result, oxidized proteins have high propensity form aggregates to build up amyloid deposits inside and/or outside cells [15] [16] [17] [18] . Voluminous evidence suggests that the formation of amyloid deposits be widely implicated in aging as well as many age-related diseases [19] [20] , though it is unclear about the precise role that the oxidized protein aggregation plays in the process of skin photoaging. Moreover, oxidative stress promotes the genesis of glycotoxins, advanced glycation end products (AGEs), a highly heterogeneous group of compounds that result from the non-enzymatic glycation of proteins, lipids, and nucleic acids [21] . Accumulation of AGEs in specific tissues has been implicated in multiple diseases and age-related lesions such as diabetes and macular degeneration [21] [22] . Cutaneous buildup of AGEs is known as a feature of skin aging [23] . [37] . Changes in the intracellular signal transduction pathways are further followed by remodeling of the ECM due to the reconstruction of collagen (fragmentation) and elastin (elastosis) as a result of alterations in the matrix metalloproteinase (MMP) network [38] . Taken together, all these changes at molecular and cellular levels contribute to the development of photoaging appearance: coarseness, irregular epidermal thickness, sagging, uneven pigmentation, telangiectasia or spider veins, wrinkling, and cutaneous malignancies [39] .
Strategies for Anti-Photoaging-The Use of Herbs
The best way to protect our skin from photoaging is to avoid over-exposure to solar radiation or other UV sources. But in fact, photoaging is very commonly seen in a dermatologic clinic and remains as an unsolved problem for us. Nevertheless, antioxidants are considered as main therapeutic elements for combating both photoaging and natural aging [40] . Due to the presence of abundant antioxidant ingredients in plants, the use of medicinal herbs and/or herbal extracts for skincare has had a long history since ancient times, and it is significantly active in the dermatologic and cosmetic practice [41] and/or other nutrient molecules (Table 1 ). For instance, the root of Astragalus (Radix astragali, huangqi) and ginseng (Panax ginseng, renshen) are the two best-known Chinese herbs, which are used traditionally to strengthen the immune system, boost the energy, and promote skin health, other popular herbs such as aloe leaf, tea-tree seed oil, reishi mushroom, safflower and more are widely used in TCM for similar purpose [51] .
Most herbal medicines consist of many different ingredients, of which some of these provide benefits and some of other components may be toxic and give risk to our health when used in vivo [77] . Many herbs and derived preparations are photototoxic and/or photogenotoxic to cells [78] . Topical use of these phototoxic phytochemicals may result in allergy, inflammatory reaction, cell death, and/or skin cancer [79] [78] . In this regard, purified photostable phytochemicals 
The Use of Peptides for Anti-Photoaging
Beyond herb-related substances, bioactive peptides have been developed for the purpose of skin protection from natural aging as well as photoaging. Peptides are involved in many physiological processes including cell death, immune response and inflammatory process, skin structural remodeling, and wound healing though modulating related signal transduction pathways and related metabolism
[105] [106] . As listed in Table 3 , peptides may be grouped as ECM-, growth factor-, neurotransmitter-, enzyme inhibitor-, antioxidant-, cytokine-, and carrier-related peptides. Topical uses of cosmeceutical peptides are expected to stimulate collagen synthesis, inhibit the release of neurotransmitters and inflammatory cytokines in order to attenuate UV radiation-induced lesions and to prevent the development of fine lines and wrinkles as a result of photoaging as well as natural aging [107] . In most cases, in fact, a specific peptide usually has multiple targets and results complex efficacy. For example, topical use of an ECM protein-derived tetrapeptide PKEK boosts formation of ECM and also modulates skin pigmentation resulting in skin whitening effects [108] [109]. As of today, a public database, the TopicalPdb (http://crdd.osdd.net/raghava/topicalpdb/) has currently included 657 entries for the peptides that can be topically delivered [110] . Table 3 . Selected polypeptides topically used in cosmetics for anti-photoaging.
Type of Peptide Name of Peptides References ECM-related peptides Carnosine, tripeptide-10 citrulline, collagen tripeptide, acetyl tetrapeptides (-5, -9, -11), tetrapeptide PKEK, GEKG (tetrapeptide-21), hexapeptide, hexapeptide-11, palmitoyl polypeptides (-pentapeptide-4, -tripeptide-1, -tripeptide-5, -tetra-peptide-7, -hexapeptide-12), oligopeptide-1, pentamide-6
Growth factor-related peptides sh-oligopeptide-1, epidermal growth factor (EGF), fibroblast growth factor (FGF), insulin-like growth factor (IGF-1), transforming growth factor (TGF-β, vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF-A), GHK tripeptide, palmitoyl pentapeptide-3 (pal-KTTKS), KTTKS pentapeptide Combined use of herbal extracts/phytochemicals and functional peptides for skin protection against photoaging It used to be assumed that, because of the skin barrier, peptides with the molecular weight over 500 Daltons would not be able to pass the barrier [116] . But recent experimental evidence has shown that bigger protein molecules can still pass through the skin barrier, especially in the case of the skin which is stressed and aged and/or injured [117] . Importantly, the skin penetration potency of properties affecting epidermal permeability [125] . In fact, in some cases these types of interactions lead to an antagonistic result [126] . Therefore, this is an important issue for cosmetics to consider. Mutual interactions between herbal compounds and polypeptides following combination may occur and change their original pharmacological properties. Answers to these questions will lead to the development of new preventive and therapeutic drugs and/or formulations for both cosmetic and pharmaceutical industries.
